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Remarks 

Reconsideration of this Application is respectfully requested. 

Upon entry of the foregoing amendment, claims 2-16, 18-29, 61, 62, 64-85 are 
pending in the application, with claims 2 and 6 being the independent claims. Claim 63 is 
sought to be cancelled without prejudice to or disclaimer of the subject matter therein. New 
claims 80-85 are sought to be added. Support for new claims 80-85 maybe found inter alia, 
on page 6, lines 8-26; page 26, lines 3-27; and Figure 1. These changes are believed to 
introduce no new matter, and their entry is respectfully requested. 

Based on the above amendment and the following remarks, Applicants respectfully 
request that the Examiner reconsider all outstanding objections and rejections and that they 
be withdrawn. 

Objections under 37 C.F.R. § 1. 75(c) 

Claims 8 and 9 were objected to under 37 C.F.R. § 1.75(c) as allegedly being of 
improper dependent form for failing to further limit the subject matter of a previous claim. 
Applicants respectfully traverse. 

Amended claim 8, which depends on claim 6, is drawn to a host cell which expresses 
at least one of the listed activities. Claim 6 is a method of transforming a Corynebacterium 
species host cell. There is however, no requirement for the host cell of claim 6 to possess 
the activities listed in claim 8, i.e. a native Corynebacterium cell. The host cell may be a 
mutant cell in which one or more of the listed activities has been deleted. The existence of 
mutant bacteria and methods to make such bacteria are well known in the art. Therefore, 
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Applicants respectfully submit that the objection to claims 8 and 9 is improper and request 
its withdrawal. 

Claim 63 was also objected to under 37 C.F.R. § 1.75(c) as allegedly being of 
improper dependent form for failing to further limit the subject matter of a previous claim. 
Applicants have canceled claim 63. Therefore, the objection has been rendered moot and 
Applicants respectfully request that it be withdrawn. 

Rejections under 35 US.C. § 112 9 first paragraph 

The previous rejection of claims 8 and 9 under 35 U.S.C. § 112, first paragraph, 
written description, was maintained. Applicants respectfully traverse. 

Applicants respectfully disagree with the Examiner's assertion that a description of 
the common characteristics of each genus, particularly a correlation between the structure 
and function of the genes described is necessary to identify other member of each genus in 
structural and functional terms. Applicants assert that since assays involving lysine 
biosynthesis were well known in the art and also described in the specification, there is no 
requirement to have identified the structure of each and every member of the genus to fulfill 
the requirement of written description because techniques useful in the identification of 
other members of the genus was known in the art. 

In support of this assertion, Applicants enclose a copy of Tokunaga et al. (J. Protein 
Chem. iS:837-844 (1999)) ("Tokunaga") (Exhibit A). In Tokunaga, representative of the 
state of the art at the time of filing, the authors used the characteristic of growth at elevated 
temperatures to identify a protein involved in said growth in Halobacterium cutirubrum* 
The authors further identified amino-terminal sequences of internal sequences of cryptic 
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peptides and found that the sequences coincided with the deduced nucleotide sequence of 
the dnaK gene from H. cutirubrum. Therefore, the authors identified a member of the genus 
involved in growth at elevated temperatures using assays known in the art, and further 
identified the structure of said member using techniques known in the art at the time of 
filing. 

For the claimed invention, Applicants describe polypeptides which are involved in 
lysine biosynthesis (Figure 1). Assays to identify other members of each genus described in 
Figure 1 could be used involving, inter alia, measurement of the described enzymatic 
activities. Using the disclosure and methods known in the art, as exemplified by Tokunaga, 
one of ordinary skill would recognize that the inventors had possession of the claimed 
invention at the time of filing. Therefore, Applicants respectfully request that the rejection 
be withdrawn. 

Claims 68-72 were also rejected under 35 U.S.C. § 112, first paragraph, written 
description, as allegedly failing to comply with the written description requirement. 
Applicants respectfully traverse the rejection for the reasons stated above, and request that 
the rejection be withdrawn. 

Rejections under 35 U.S.C. § 112, second paragraph 

Claims 6-15 and 67-72 were rejected under 35 U.S.C. § 112, second paragraph, as 
allegedly indefinite. Applicants have amended claims 6 and 67 as suggested by the 
Examiner. Therefore, Applicants believe that the rejection has been rendered moot, and 
respectfully request that it be withdrawn. 
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Claims 8-9 and 68-72 were rejected under 35 U.S.C. § 112, second paragraph, as 
allegedly indefinite. Applicants have amended claim 8 to recite the phrase "possess at least 
one of the following activities:". In addition, as mentioned above, Applicants respectfully 
assert that though native Corynebacterium contains the activities listed in claim 8, claim 6, 
from which claim 8 depends, does not limit the Corynebacterium host cell to native cells. 
Therefore, Applicants respectfully request that the rejection be reconsidered and withdrawn. 

Claims 68-72 were rejected under 35 U.S.C. § 1 12, second paragraph, as allegedly 
indefinite. Applicants have amended claim 8 as suggested by the Examiner. Therefore, 
Applicants believe that the rejection has been rendered moot, and respectfully request that 
it be withdrawn. 
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Conclusion 



All of the stated grounds of objection and rejection have been properly traversed, 
accommodated, or rendered moot. Applicants therefore respectfully request that the 
Examiner reconsider all presently outstanding objections and rejections and that they be 
withdrawn. Applicants believe that a full and complete reply has been made to the 
outstanding Office Action and, as such, the present application is in condition for allowance. 
If the Examiner believes, for any reason, that personal communication will expedite 
prosecution of this application, the Examiner is invited to telephone the undersigned at the 
number provided. 

Prompt and favorable consideration of this Amendment and Reply is respectfully 
requested. 

Respectfully submitted, 

Sterne, Kessler, Goldstein & Fox p.l.l.c. 

^%ut^*4 A- 

Michele A. Cimbala 
Attorney for Applicants 
Registration No. 33,851 

Date: Sfat-fo} 

1 100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202)371-2600 
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Radhey S. Gupta, 2 and M asao Tokunaga 1,5 



Received December /, 1999 



The levels of synthesis of six proteins were increased at elevated growth temperature of the ex- 
tremely halophilic archaebacterium Halobacterium cutirubrum. One of these proteins, with an 
apparent molecular mass of 97 JcDa on sodium dodecylsulfate-polyacrylamide gel elec- 
trophoresis (SDS-PAGE), bound to an ATP-agarose column in the presence of 4 M NaCl, but 
not in the absence of salt, indicating that this protein retained its ATP-binding activity only at 
high salt concentration. The rffl 2 -terminal sequence of this protein and the internal sequences 
of the tryptic peptides covering 1/3 of the total number of residues coincided with that deduced 
from the nucleotide sequence of the dnaK gene isolated from H. cutirubrum. The results 
strongly suggest that this apparent 97~kDa protein is the gene product of dnaK, although the mo- 
lecular mass calculated from the nucleotide sequence is only 68,495, much smaller than the 
value of this protein determined by SDS-PAGE. Ferguson plot aaalysis indicated that this pro- 
tein showed anomalous mobility on SDS-PAGE. We have purified DnaK homologue to greater 
than 90% homogeneity with stepwise elution from an ATP-agarose column. 

KEY WORDS: Archaebacteria; ATP-agarose column; DnaK protein; halophiles; Halobacterium cutirubrum; 
Hsp70 homologue. 



1. INTRODUCTION 

Marked changes in the immediate environment result 
in a variety of responses in living organisms. Many in- 
vestigators have shown that the heat shock response is 
a common reaction in all forms of life, not only in eu- 
karyotes and eubacteria, but also in archaebacteria. 
Major heat shock proteins (Hsps) 6 DnaK and GroESL 
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in Escherichia coli have been extensively studied 
(Hartl, 1996; Bukau and Horwich, 1998), and their 
three-dimensional structures as well as biochemical 
properties have been well characterized (Braig 
et aL, 1994; Zhu et aL t 1996; Xu et aL, 1997). 

However, little information is available regarding 
the homologues of major Hsps from the extremely 
halophilic archaebacteria. Daniels et at. (1984) first re- 
ported the protein profiles of the archaebacteria genus 
Halobacterium in response to heat shock, which 
showed that the levels of synthesis of a limited num- 
ber of proteins which fell into three narrow molecular 
weight ranges were increased when cells were treated 
at elevated temperature. Kuo et al. (1997) reported 
that two heat-responsive cct genes from Archaeon 



6 Abbreviations: Hsp, heat shock protein; IPTG, isopropyl p-D- 
thiogalactopyranoside; TCA, trichloroacetic acid; SDS-PAGE, 
sodium dodecylsulfate-polyacrylamide gel electrophoresis. 
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Haloferax volcanii were induced after heat shock. The 
Hsp70 genes {dnaK homologues) from halophilic ar- 
chaebacteria were cloned from Halobacterium maris - 
mortui (Gupta and Singh, 1992) and H. cutirubrum 
(Gupta and Singh, 1994), and their sequences were 
discussed from the viewpoint of the evolutionary rela- 
tionships among archaebacteria, eubacteria, and eu- 
karyotic cells. However, DnaK protein in extremely 
halophilic archaebacteria has not yet been identified. 

Here, we describe the identification, partial pu- 
rification, and biochemical characterization of the 
DnaK homologue from H. cutirubrum. 



2. MATERIALS AND METHODS 

2.1. Bacterial Strain and Medium 

The extremely halophilic bacterium H. cutirubrum 
was obtained from ATCC (Number 33170). It was 
maintained on Sehgal and Gibbons complex (SGC) 
agar medium (1% yeast extract, 0.3% sodium citrate, 
0.2% KC1, 2% MgS0 4 , 0.0023% FeCl 2 , 0.75% vitamin 
free casamino acids, and 2% agar, pH 7.0; Sehgal and 
Gibbons, 1960) containing 3 M NaCl. Cells were usu- 
ally grown at 37°C in SGC liquid medium containing 
4 M NaCl, and grown at 25, 30, 37, 42, or 52°C to late 
exponential phase to examine the expression of heat- 
inducible proteins. E. coli BL21 (DE3) was used as host 
of pET3a expression system. Luria-Bertani broth (LB 
broth, 1% bacto-tryptone, 0.5% bacto-yeast extract, 
0.5% NaCl, pH 7.0) was used for E. coli BL21 (DE3). 

2.2. Preparation of Cell-Free Extracts 

Cells grown in 5-ml cultures were suspended in 
0.5 ml of 50 mM Tris-HCl buffer, pH 7.5, 25 mM KC1, 
and 2 mM MgCl 2 (buffer A) containing 4 M NaCl and 
were frozen at -80°C with 0.5 ml of glass beads (0.5 mm 
in diameter). The frozen samples were mixed vigorously 
for 5 min to disrupt cells, and then frozen again. This 
freeze-thaw treatment was repeated at least three times. 
To examine the salt requirement of proteins, cells were 
also suspended in buffer A containing 0 and 2 M NaCl, 
respectively, and were disrupted as described above. 

2.3. Chromosomal DNA Preparation 

Cells grown in 200 ml of culture were washed 
with 50 ml of 3.5 M NaCl containing 0.2 mM MgS0 4 
and suspended in 20 ml of 10 mM Tris-HCl buffer 



(pH 7.5) containing 30 mM MgCl 2 . Following addition 
of 20 ml of phenol equilibrated with 0.5 M Tris buffer 
(pH 8.0) and incubation for 30 min at 37°C, aqueous 
phase was obtained. Extraction with phenol was re- 
peated two times. NaCl was added to the aqueous phase 
to give a final concentration of 0.5 M, and 20 ml of cold 
ethanol was added. DNA was spooled on the glass rod 
and purified according to Mevarech et al (1989). 

2.4. Construction of Plasmid 

The region encoding the //. cutirubrum danK gene 
was amplified by PCR using forward (5'-GGGCATA- 
TGGCGAGCGAGAAGATTCTGGGA-30 and back- 
ward (5'GGGGGATCCTTACTCCTCGTCGACGTC- 
CTC-3') primers. 

The amplified fragment was digested with BamHl 
and then ligated into SmdUBamlU-digestcd pUCI9 to 
constract plasmid pUC19HcK. The H. cutirubrum 
dnaK gene-encoding region of pUC19HcK was digested 
with Ndel and BamHI and ligated into the Ndel/BamHl- 
digested pET3a. The constructed plasmid pET3HcK 
was used for the expression of H. cutirubrum DnaK 
homologue. 



2.5. Expression of H. cutirubrum DnaK 
Homologue 

E. coli BL21(DE3) harboring plasmid pET3a or 
pET3HcK was grown in LB broth containing 100 \ig 
ampicillin and 0.4% glucose at 37°C. After 2.5 hr of 
incubation, the expression of DnaK homologue was 
induced by the addition of IPTG to give a final con- 
centration of 0.2 mM and cultivation was continued for 
an additional 2.5 hr. Cells were harvested and disrupted 
by sonic oscillation. The cell lysates were centrifuged 
at 12,000 x g for 15 min and the soluble fractions were 
run on SDS-PAGE. 



2.6. ATP-Agarose Affinity Column 
Chromatography 

- The cell homogenate was centrifuged at 12,000 x g 
for 30 min. The clear lysates from the disrupted cells 
in buffer A containing 4 M NaCl were applied to ATP- 
agarose resin (0.6 ml in BioRad polyprep column) 
equilibrated with the same buffer. After washing the 
ATP agarose column with two bed volumes of buffer 
A containing 4 M NaCl, the bound proteins were 
eluted with three bed volumes of the same buffer so- 
lution containing 4 M NaCl and 3 mM ATP. To the 
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eluted fractions was added TCA to a final concentra- 
tion of 10%. The TCA-precipitated proteins were 
washed with acetone twice to remove TCA and then 
subjected to SDS-PAGE, To study the effects of salt 
concentration on the results of ATP-agarose column 
chromatography, buffer A containing 0 or 2 M NaCl 
was also used for cell disruption or equilibration, 
washing, and elution of the ATP-agarose column. 



2.7. NH 2 -Terminal and Internal Amino Acid 
Sequence Analyses 

The proteins eluted from the ATP-agarose col- 
umn were separated by SDS-PAGE and transferred 
to ProBlott membrane by electroblotting at 200 rnA 
for 1 hr in 3-cyclohexylamino-l-propanesulfonic acid 
buffer, pH 10.5. The membrane was stained with 0.2% 
Coomassie brilliant blue in 40% methanol. After des- 
taining with 50% methanol, the main band migrating 
at 97 kDa was cut out carefully with a razor blade and 
was subjected to NH 2 -terminal amino acid sequence 
analysis (Applied Biosystems, Model 477A). For in- 
ternal sequences, the protein on excised ProBlott mem- 
brane was digested with trypsin, and the resultant pep- 
tides were separated with a C 18 reversed-phase HPLC 
column as described elsewhere (Haniu et aL, 1996). 



2.8. Others 

SDS-PAGE was performed by the method of 
Laemmli (1970). Standard Laemmli sample buffer con- 
taining 5% P-mercaptoethanol was used and samples 
were heated at 95°C for 5 min. Amount of protein was 
measured as described by Lowry et al (1951). The 
reagents used were of the highest grade commercially 
available. 



3. RESULTS 

3.1. Determination of Heat-Inducible Proteins and 
Their Affinities to the ATP- Agarose Column 

To examine the highest growth temperature of 
H. cutirubrum, it was grown at various temperatures up 
to 55°C in SGC liquid medium containing 4 M NaCl. 
We found that H. cutirubrum grew at temperatures up 
to 52°C. We initially studied the heat-inducible syn- 
thesis of proteins in H. cutirubrum. Cells grown at 24, 
30, 37, 42, and 52°C for 3-6 days to stationary phase 
(growth rate was dependent on temperature) were dis- 



rupted in buffer A containing 4 M NaCl as described in 
Materials and Methods, and heat-induced proteins in 
the cell homogenates were determined by SDS-PAGE. 
As shown in Fig. 1, heat-inducible proteins with mo- 
lecular masses of around 90 kDa (band II and band III), 
55 kDa (band IV), 46 kDa (band V), and 31 kDa (band 
VI) were observed. 

Since major heat shock proteins Hsp70s and 
Hsp60s possessed ATPase activity and bound to the 
ATP-agarose column, and proteins from halophilic ar- 
chaebacteria usually required high concentrations of 
salt for their structural and functional integrity, we ex- 
amined the salt requirement of the identified proteins. 
The cells grown at 42°C were disrupted in buffer A 
containing 0, 2, or 4 M NaCl. Respective cell-free ex- 
tracts were applied to ATP-agarose columns equili- 
brated with buffer A containing 0, 2, or 4 M NaCl. 
After washing the column, bound proteins were eluted 
with buffer A containing 3 mM ATP and 0, 2, or 4 M 
NaCl, respectively, and eluted proteins were analyzed 
by SDS-PAGE. A protein with a molecular mass of 

(kDa) 



v*& 




Fig. 1. SDS~poiyacrylamide gel electrophoretogram of cell-free 
extract from Halobacetrium cutirubrum. The cells were grown at 
different temperatures. Lane 2, 24 e C; lane 3, 30°C; lane 4. 37°C; lane 
5, 42°C; lane 6, 52°C. In each lane, 20 ug of protein was loaded and 
the gel was stained with Coomassie brilliant blue. Low-molecular- 
weight standards (BioRad) were applied in lane I The bands from 1 
to VI show heat-inducible proteins. The heat-inducible property of 
band I protein is discussed in the text. 
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around 97 kDa (97-kDa protein; arrowhead in Fig. 2) 
exhibited the strongest dependence on the salt concen- 
tration, since this protein bound to the ATP-agarose 
column in the presence of 4 M NaCI, while less or al- 
most no 97-kDa protein bound to the ATP-agarose col- 
umn in the presence of 2 or 0 M NaCI, respectively. 
These observations indicated that the 97-kDa protein 
required salt for binding to the ATP-agarose column. 
In contrast, DnaK and GroEL in nonhalophilic E. coli 
and their homologues in moderately halophilic Acine- 
tobacter and Pseudomonas species bound to the ATP- 
agarose column in the absence of NaCI (Tokunaga 
et aL, 1997a,b). Careful inspection of the SDS- 
polyacrylamide gel electrophoretogram (6.5% acry- 
lamide concentration) showed that this 97-kDa protein 
which bound to the ATP-agarose column was not iden- 
tical to the major heat-inducible proteins around 90 kDa 
(neither band II nor band III in Fig. 1 ), but corresponded 
to the more upper band of band II (we called this band 
I). To clarify whether this 97-kDa band I protein was 
also heat-inducible, clear lysates from H. cutirubrum 
grown at different temperatures (37, 42, and 52°C for 
2-5 days) were applied to ATP-agarose columns equil- 
ibrated with buffer A containing 4 M NaCI. As clearly 
shown in Fig. 3A, the amount of band I protein bound 
to the ATP-agarose column increased with increases in 
the growth temperature. Some of the several faint 
bands with molecular masses of around 60 kDa were 
also heat-inducible, but another major band with a mo- 
lecular mass of 24 kDa was not. Since we found that 
the affinity of band I protein to ATP-agarose was 
lower than those of other proteins, we partially puri- 
fied band I protein by elution from the ATP-agarose 
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0 M NaCI 2 III NaCI 4 U NaCI 

Fig. 2. SDS-PAGE analysis of eluents from ATP-agarose affinity 
column chromatography. Haiobacterium cutirubrum cells were 
grown at 42°C and cell homogenates were prepared. The concentra- 
tions of NaCI in the buffers used for cell disruption and ATP- 
agarose column chromatography were 0 (A), 2(B), and 4 M (C), 
Lane M, low-molecular-mass standards (BioRad); lane J, crude ho- 
mogenates (20 ug of protein); lane 2, flowthrough fraction from the 
ATP-agarose column; lanes 3 and 4, first and second washes from 
the ATP-agarose column, respectively; lanes 5-7, first, second, and 
third eluted fractions from the ATP-agarose column, respectively. 
The arrow shows the position of 97-kDa protein. 



A. B. 




Fig. 3. (A) SDS-PAGE analysis of eluents from ATP-agarose affin- 
ity column chromatography with different growth temperatures. 
Lane J, low-molecular-mass standards (BioRad); lane 2, crude bomo- 
genate (20 ug of protein); lanes 3-5, growth temperatures of cells 
were 37, 42, and 52°C, respectively. (B) SDS-poly aery lam ide gel 
electrophoretogram of partially purified 97-kDa protein. Lane 1, 
low-molecular-mass standards (BioRad); lane 2, partially purified 
97-kDa band I protein eluted from the ATP-agarose column with 
buffer A containing 4 M NaCI and 0.2 mM ATP. The arrow shows 
the position of 97-kDa protein. ^ 

column with buffer A containing 4 M NaCI and 0.2 mM 
ATP to more than 90% homogeneity (Fig. 3B). It was 
also found that Mg 2+ ions were required for binding of 
band I protein to the ATP-agarose column (H. Toku- 
naga, unpublished result). 

An attempt to purify band I protein to homogene- 
ity using several chromatographic techniques was not 
successful, as small amounts of contaminating proteins 
with apparent molecular masses of around 60-64 kDa 
cannot be removed completely. 

3.2, Determination of NH 2 -Terminal Amino Acid 
Sequence of Band I Protein 

To identify the apparent 97-kDa band I protein, the 
preparation shown in Fig. 3B, lane 2, was subjected to 
SDS-PAGE, electroblotting onto a ProBlott membrane, 
and NH 2 -terminal amino acid sequence analysis. The 
sequence was determined to be that shown at the top of 
Fig. 4. It was identical to the deduced NH 2 -terrninal 
amino acid sequence of the dnaK gene isolated from 
H. cutirubrum, the molecular weight of which was 
calculated to be 68,495, and showed high local simi- 
larity to the deduced NH 2 -terminal amino acid se- 
quences of hsp70 genes isolated from other archae- 
bacteria (H. marismortui and Methanosarcina mazei) y 
chloroplasts (pumpkin and garden pea), and prokaryotes 
(Tkiobacillus ferrooxidans) using BLASTP or FASTA 
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Fig. 4. Alignment of the NH 2 -terminal sequences of band I protein 
from Halobacterium cutirubrum (this study) and those deduced from 
several Hsp70 genes. N-terminal sequences of Hsp70s from Halobac- 
terium marismortui (Gupta and Singh, 1992), Methanosarcina mazei 
S6 (Macario et al, 1991), Bacillus subtilis (Wetzstein et al, 1992), 
and & colt (BardweU and Craig, 1984) are shown in the middle col- 
umn. The sequences in the thin and bold boxes were common to six 
and two species, respectively. The numbers indicate the percentage of 
acidic amino acid residues calculated from the deduced amino acid 
composition in the whole sequence. 



software on GenomeNet. These sequence similarities 
strongly suggested that the 97-kDa band I protein was a 
gene product of H. cutirubrum dnaK> although the ap- 
parent (97 kDa) and calculated (68 kDa) molecular 
masses were different. 



3.3. Ferguson Plot of Band I Protein 

One possible reason for the discrepancy between 
the experimental and calculated molecular masses of 
H. cutirubrum DnaK is that the apparent molecular 
mass of 97 kDa on SDS-PAGE may not be accurate 
due to the possible aberrant mobility of band I protein 
on SDS-PAGE. To examine the behavior of band I 
protein on SDS-PAGE, we carried out SDS-PAGE 
using various concentrations (5.5-14%) of acrylamide T 
and plotted mobilities (RJ) of standard proteins (Bio- 
Rad 161-0304) and band I protein against the concen- 
tration of acrylamide (Ferguson plot, Fig. 5). Band I 
protein clearly showed aberrant behavior, indicating 
that SDS-PAGE was not suitable for determination of 
the correct molecular mass of this protein. 



3*4. Determination of Internal Amino acid 
Sequences of Tryptic Peptides of Band I 
Protein in H. cutirubrum 

Band I protein blotted onto a ProBlott membrane 
was digested by trypsin, extracted from the membrane, 
and subjected to reverse-phase HPLC to obtain internal 




concn. of acrylamide 
i %, W / V ) 

Fig. 5. Ferguson plots of 97-kDa protein. Proteins were subjected to 
SDS-PAGE according to the method of Laemmli at various concen- 
trations of acrylamide. R f (mobility of proteins relative to that of the 
dye front) was plotted on a log scale against acrylamide concentration. 
The reference proteins used were Iysozyme (a), trypsin inhibitor (b), 
carbonic anhydrase (c), ovalbumin (d), serum albumin (e), phospho- 
rylase B (f ), and p-galactosidase (g). ** 



peptides. We isolated nine peaks of peptides on HPLC, 
and their NH 2 -terminal amino acid sequences were de- 
termined (Table I). Amino acid sequence analyses of 
three peaks at retention time (Rt) 3 i, 0 min, RT 43 0 min and 
RTw.\ min revealed that each peak yielded two 
phenylthiohydantoin (PTH)-amino acids in each cycle 
with equal recovery (Table I). This result indicated that 
these peaks contained two distinct peptides. These se- 
quences could be aligned as shown in Table I with com- 
plete identity with the amino acid sequences deduced 
from the H. cutirubrum dnaK gene sequence. AH amino 
acid sequences of other tryptic peptides coincided per- 
fectly with the deduced amino acid sequence of H. cu- 
tirubrum dnaK. The amino acid residues shown in Table 
I (a total of 207 residues) covered 1/3 of the full-length 
amino acid sequence of DnaK, The deduced amino acid 
sequence of dnaK also indicated that the amino acid 
residues preceding the NH 2 -terminus of each tryptic 
peptide were, as expected, Lys or Arg. These observa- 
tions again strongly suggest that the apparent 97-kDa 
band I protein is DnaK from & cutirubrum. 



3.5. Expression of H* cutirubrum DnaK 
Homologue Gene 

To confirm that the apparent 97-kDa band I protein 
is identical to the DnaK homologue from H. cutirubrum, 
we attempted to express H. cutirubrum dnaK gene in 
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Table I. Amino Acid Sequences of Internal Tryptic Peptides of Band I Protein* 



Amino acid sequence 


Residue number in DnaK (Total 629) 


Retention time (RT) 


ILGVDLGTTNSAFAVME 


6-22 


43.0 


NQAVQNPDQTIAS1KR 


57-72 


31.0 


DAEEYLGQDVEK 


104-115 


30.3 


AVITVP 


1 16-121 


38.7 


DAGEIAGFDVER 


134-145 


34.1 


KETTVNLPFVTATDSGPVHL 


250-269 


43-0 


ATFESITEDLIER 


276-288 


44.7 


SDIDDVILVGGSTR 


305-318 


37 J 


NVNPDEA VALGAA VQGGVLS GEVDD 


337-361 


60.1 


VFTTAADNQTSVQ1R 


398-412 


31.0 


E1RSENKLLGDFILTGIPPA PAGTD 


419-443 


60.1 


AESLLEENEELVDEDLEADV NDAIDDVQAVLDEDEP 


519-554 


61.2 



* Residue numbers in the second column are those of amino acid sequence deduced from dnaK gene. Number 1 represents the first methionine 
residue. 



E. coli BL21 (DE3). The result, shown in Fig. 6, indi- 
cates that in E. coli BL21 (DE3) containing pET3a, no 
protein band around 97KDa was induced with and 
without TPTG induction (lane 3 and 2). On the other 
hand, a protein corresponding to the 97-kDa band I 
accumulated strongly in E. coli BL21 (DE3) contain- 
ing pET3HcK under IPTG Induction (lane 5). The mo- 
bility of this accumulated protein (lane 5) on SDS- 
PAGE was the same as that of DnaK homologue from 
H. cutirubrum (lane 6). 

4. DISCUSSION 

The halophilic archae bacteria live in extremely 
halophilic environments such as the Dead Sea and the 
Great Salt Lake, and maintain an intracellular osmotic 
balance against the environment by accumulating K + 
ions in their cytoplasm (Kushner, 1978). Therefore, 
the proteins from these microorganisms are expected 
to show properties distinct from those that function 
under normal osmotic pressure. Several proteins from 
these bacteria, such as polypeptide elongation factor 
Tu (Guinet et ah, 1988), (5-galaetosidase (Holmes 
etal f 1997), protease (Kim and Dordick, 1997), seryl- 
tRNA synthetase (Taupin et al, 1997), and glutamate 
dehydrogenase (Britton et aL t 1998), have been stud- 
ied. Malate dehydrogenase from halopiiic bacteria has 
been extensively investigated (Cendrin et at, 1993; 
Madern and Zaccai, 1997), and its three-dimensional 
structure was also determined (Dym et al. t 1995). Our 
research interest lies in the synthesis and folding of 
proteins in extremophiles such as thermophiles and 
halophiles which grow under extreme environmental 
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Fig. 6. Expression of Halobaaerium cutirubrum DnaK homologue. 
Escherichia coli BL21 (DE3) cells which contain pET3a or pET3Hck 
were grown at 37°C to OD^o of approximately 0.8 and expression 
was induced with 0.2 mM IPTG for 2.5 hr. Total cell protein samples 
(20 u,g) were run on 10% acrylamide gel followed by staining with 
Coomassie blue. Lane t, low- molecular-mass standards (BioRad); 
lanes 2 and 3. E. coli BL21 (DE3) containing pET3a: lanes 4 and 5, 
E. coli BL21 (DE3) containing pET3HcK; lanes 3 and 5. cultures 
were induced with 0.2 mM IPTG; lane 6, 97-kDa protein purified 
from Halobacterium cutirubrum. 
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conditions. We have identified some major Hsps in 
moderately halophiJic eubacteria (Tokunaga et aL, 
1997 f a), and purified and characterized a GroEL ho- 
mologue from the moderately eubacterial halophile 
Pseudomonas species (Tokunaga et. aL, I997£). 

in the genetic study, it was reported that Hsps 
from archaebacteria were regulated at the transcrip- 
tional level (Kuo et aL, 1997). The first research fo- 
cused on Hsps of extremely halophitic archaebacteria 
was that of Daniels et aL (J 984). They found that a 
limited number of Hsps were induced upon heat shock, 
and the apparent molecular masses of Hsps on SDS- 
PAGE were classified into three narrow ranges, high 
(105,000-75,000 Da), intermediate (45,000-44 000 
Da), and low (28,000-21,000 Da). However, the re- 
spective heat-inducible proteins from halophilic archae- 
bacteria remained to be characterized. Here, we cultured 
H. cutirubrum at elevated temperatures, and found that 
the profile of accumulated proteins with increases in 
temperature was similar to that of Hsps of //. trapani- 
cium and H, marismortui (Daniels et aL, 1984). 

Hspl 10 and Hsp90 families have been extensively 
investigated in eukaryotic cells, and in eukaryotic and 
prokaryotic cells, respectively (Lindquist and Craig, 
1988). In E. coli, however, the majority of about 
20 species of Hsps have apparent molecular masses of 
lower than around 70 kDa, with the exceptions of 
Hsp90, protease La (Niedhardt et aL, 1984) and clpB 
protein (Woo et aL, 1 992), which have been extensively 
characterized. As shown in Fig. 1, we found three heat- 
inducible proteins in H, cutirubrum with apparent 
molecular masses larger than 70 kDa on SDS-PAGE 
and speculated that they might be homologues of 
Hspl 10 or Hsp 90 families. However, the NH 2 -terminal 
and internal amino acid sequences revealed that the 
apparent 97-kDa band I protein (the slowest migrat- 
ing band of these three) was most likely the gene 
product of the dnaK homologue from H. cutirubrum 
(Gupta and Singh, 1994). Gupta and Singh reported 
that only a single ~9-kb BamW band from H. cu- 
tirubrum chromosomal DNA hybridized with a 0.65~kb 
PCR-amplified dnaK probe, suggesting that there was 
no other gene closely related to dnaK in H. cutirubrum. 
To resolve the discrepancy between the apparent 
molecular mass on SDS-PAGE and the calculated 
value from the nucleotide sequence of dnaK, we carried 
out SDS-PAGE with various concentrations of acry- 
lamide, and examined the mobility of band I protein 
together with molecular weight standards (Ferguson 
plot). We found that the band I protein showed an 
anomalous mobility on SDS-PAGE (Fig. 5), and that 
the true molecular mass of band I protein could not be 



determined accurately by this method. In general, the 
proteins from extremely halophilic archaebacteria con- 
tain higher percentages of acidic amino acid residues 
than those from nonhalophilic organisms. We calcu- 
lated the contents of acidic amino acid residues of sev- 
eral DnaK proteins (Fig. 4), and noticed that DnaK 
from the halophilic archaebacteria H. cutirubrum 
(23.2%) and//, marismortui (24.3%) contained signif- 
icantly larger amounts of acidic amino acid residues 
than those from the nonhalophilic archaebaclerium M. 
mazei (15.8%) and the eubacteria E. coli (16.5%) and 
B. subtilis (17.7%). This high content of negative 
charges might decrease the amount of bound SDS on 
DnaK, or might cause an unusually elongated confor- 
mation of the DnaK-SDS complex, resulting in an 
aberrant mobility observed on SDS-PAGE. In fact 
Armstrong and Roman (1993) reported that the high 
content of acidic amino acid residues caused anom- 
alous electrophoretic behavior of a virus protein. Matrix 
-assisted laser desorption/ionization time-of-flight mass- 
spectrometric analysis to determine the accurate mo- 
lecular mass of the band I sample with reduced salt 
concentration was not successful because of the ap- 
pearance of protein aggregates under low salt concen- 
tration. The possibility that inefficient reduction of 
disulfide bonds may cause anomalous mobility of DnaK 
homologue on SDS-PAGE is ruled out because it con- 
tains no cysteine (Gupta and Singh, 1994). 

To compare the mobility of H. cutirubrum DnaK 
homologue and 97-kDa protein SDS-PAGE, we ex- 
pressed the //. cutirubrum dnaK gene in E. coli BL21 
(DE3). As described in Section 3, we confirmed that the 
97-kDa protein was identical to DnaK homologue in H. 
cutirubrum. In this study we reported that the 97-kDa 
protein which was a DnaK homologue could bind to the 
ATP-agarose column in the presence of 4 M NaCl. 
There are two possible mechanisms for the observed salt 
concentration dependence of the 97-kDa protein binding 
to ATP: This protein requires 4 M or higher salt con- 
centration for the native conformation to bind ATP, or 
the binding constant depends on the salt concentration 
and the maximum binding is achieved at or above 4 M. 

We identified and partially purified DnaK homo- 
logue, a major heat shock protein, from an extremely 
halophilic archaebacterium. Under extremely high in- 
tracellular salt conditions, interesting questions re- 
main. How do halophilic proteins fold? How do mo- 
lecular chaperones assist the protein folding process? 
Does the use of halophilic chaperones help in vitro re^ 
folding of halophilic proteins? The characterization of 
this unique chaperone will help in the investigation of 
refolding of extremely halophilic proteins. 
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